conditions) , MDA content, and H 2 O 2 content, and decreases in soluble protein content, GSH content, photosynthetic rate, and respiratory rate. The results suggested that excessive reactive oxygen was the main reason for the decline of A.
catenella. Based on these experimental results, we hypothesized that the physiological process during the decline phase of A. catenella was as follows: First, metabolism slowed, resulting in a decrease in intracellular protein levels. Secondly, cells produced large amounts of peroxide, which activated the cellular antioxidant system. SOD was activated in response to the massive accumulation of ROS, and other non鄄enzymatic antioxidants such as GSH were consumed. In spite of these changes, the oxidation and antioxidant system remained unbalanced, resulting in excess accumulation of H 2 O 2 and other ROS. Ultimately, those ROS led to serious membrane lipid peroxidation and the release of MDA. The decrease in SOD activity under low鄄nitrogen conditions may have been due to a lack of nitrogen, which is necessary for protein synthesis.
Finally, excessive accumulation of ROS induced apoptosis, and the endonuclease was activated to selectively degrade chromosomes, resulting in DNA laddering. The photosynthetic rate decreased as a result of decreases in chlorophyll content and RUBP carboxylase activity. The respiration rate decreased as a result of the decreased volume of mitochondria and smaller area of their internal cristae. Telomerase activity also changed during the cell growth and decline periods. Low鄄 nitrogen and high鄄nitrogen conditions accelerated the physiological process of cell aging. These results are consistent with the hypothesis that the decline of A. catenella is a controlled process of cell death. Our findings reveal some of the physiological changes that occur during the decline phase of A. catenella. These data will help us to understand the decline mechanisms of red tide algae, and provide a foundation for studying the molecular mechanisms of red tide dynamics. Such information will be useful for developing methods to monitor and control red tides. 
